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httcense.Abstract The aim of the work: To assess the role of MRI in the early detection and evaluation of
some muscle diseases and its prognostic value for the follow up.
Patients and methods: The study is carried out on 40 patients (20 males and 20 females) suffering
from different muscle diseases and 8 control group patients (4 males and 4 females); 27.5% are
below 20 years of age, 35% are between 21 and 40 years and 37.5% are above 40. A conventional
MRI study is performed on all patients; to study the value of qualitative, semi-quantitative and
quantitative analyses for the estimation of full disease extent and the follow up. The Spearman cor-
relation coefﬁcient model is used to correlate the semi-quantitative MR imaging grade and clinical
assessments. Proton MRS is also performed to quantify the key intra-myocellular metabolites.
Results: Calf muscles (gastrocnemius and soleus) and gluteus maximus muscle had the highest T2
values. The mean T2 values and semiquantitative MR imaging grade of fatty inﬁltration and edema
show a signiﬁcant correlation with the clinical grading of muscle power.
Conclusion: MRI is a useful tool for assessing muscle diseases particularly with the implementation
of the up to date analytic methods.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.7434243.
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Muscle disease is a disorder caused by derangement of the
structure or function of muscle ﬁber, blood supply and/or con-
nective tissue element of the muscle (1).
The combination of clinical examination and MRI could
improve the accuracy of phenotypic characterization of pa-
tients with muscular dystrophy, and this in turn could allow
a more focused molecular analysis through muscle biopsy or
genetic investigation. This may also be very helpful in the
assessment of the degree of muscle compromise not only ingyptian Society of Radiology and Nuclear Medicine.
.04.002
608 S. Saleh Elessawy et al.the early phases of the disease but also during the follow-up
and can be used especially in therapeutic trials (2).
The idiopathic inﬂammatory myopathies (IIMs) represent a
treatable group of disorders, but their differential diagnosis is
wide. Although muscle biopsy is the essential and deﬁnitive
diagnostic modality for IIMs, MRI has assumed a major role
in IIM evaluation and management. Primarily, MRI is very
sensitive to inﬂammation and edema, especially with the incor-
poration of fat-suppression sequences (3). Fatty inﬁltration
may be also seen in chronic denervation, in chronic disuse,
as a late ﬁnding after severe muscle injury or chronic tendon
tear, and in corticosteroid use (4).
Recently introduced advanced and quantitative MRI meth-
ods are quite promising including T2 relaxation time measure-
ments and magnetic resonance spectroscopy. However, it is
challenging in terms of quantiﬁcation and further speciﬁcation
of the disease process and disease monitoring (5).
2. Patients and methods
This study includes 40 patients with various muscle diseases.
They are selected from in patients and outpatients in depart-
ments of neurology, dermatology, rheumatology and immu-
nology from November 2009 to October 2012. Patients are
further categorized into 4 groups: Group I: includes 13 patients
clinically diagnosed with hereditary myopathy (all are males).
Group II: includes 9 patients clinically diagnosed with idio-
pathic inﬂammatory myopathy (3 males and 6 females). Group
III: includes 6 patients clinically diagnosed with autoimmune
myositis with connective tissue diseases (all are females). Group
IV: includes miscellaneous muscle diseases, 12 patients (4
males and 8 females). In addition, the control group includes
4 males and 4 females.
2.1. Conventional magnetic resonance imaging of skeletal muscles
MRI study is carried out for the 40 patients using 1.5 Tesla
system (Magnetom Symphony, Siemens, Version VA 12 A)
as follows:
2.1.1. Qualitative MR imaging
Each qualitative MR imaging study includes:
Coronal T1-weighted images: fast spin echo T1-weighted
images without fat suppression (TR = 422 ms, TE = 13 ms).
Axial T1-weighted images: fast spin echo T1-weighted images
without fat suppression (TR= 600 ms, TE = 14 ms). Axial
T2-weighted images: fast spin echo T2-weighted images
(TR = 4440 ms, TE = 122 ms). Axial STIR (Short Tau Inver-
sion Recovery images): water-sensitive fast spin-echo inversion
recovery–weighted sequence (TI 130 ms, TR = 5000 ms,
TE = 27 ms). Axial FLAIR (Fluid Attenuation Inversion
Recovery images): water-suppression fast spin-echo inversion
recovery–weighted sequence (TI 2500 ms, TR = 9000 ms,
TE = 117 ms). The ﬁeld of view (FOV) is determined by the
patient’s size to include the gluteal, thigh and calf muscles.
For the group IV patients, protocols for the sequences and coil
selection vary by the body part being imaged.
Semi-quantitative image analysis: Fatty inﬁltration of the
pelvic, thigh and calf muscles is subjectively graded by using
the modiﬁed version of the scale described by Mercuri et al.
(6) as follows: Grade 0: Homogeneous muscle signal intensity without
fatty inﬁltration.
 Grade 1 (minimal): Predominantly homogeneous muscle
signal intensity with minimal scattered fatty inﬁltration.
 Grade 2 (mild): Mild fatty inﬁltration with additional pat-
chy areas of intramuscular high T1 signal intensity involv-
ing less than 30% of the muscle bulk.
 Grade 3 (moderate): Moderate fatty inﬁltration involving
30%–60% of the muscle bulk, but with preserved differen-
tiation between muscle and subcutaneous fat.
 Grade 4 (severe): Severe fatty inﬁltration involving more
than 60% of the muscle bulk with loss of demarcation
between muscle and subcutaneous fat.
Edema is graded on the subjective scale from grades 0 to 3
by using a modiﬁed version of the scale used by Carlo et al. (7)
as follows:
 Grade 0, Absence of edema.
 Grade 1, Slight interfascicular edema.
 Grade 2, Slight inter- and intrafascicular segmental or glo-
bal edema.
 Grade 3, Moderate inter- and intrafascicular segmental or
global edema.
Quantitative MR imaging (T2 mapping): Muscle histogram
analysis is conducted for fourteen pelvic, thigh and calf mus-
cles on all patients in groups I, II and III. Axial T2 maps with-
out fat saturation are obtained by using a T2-weighted
multisection multiecho sequence to quantify the spatial distri-
bution of T2 using the following parameters: (TR = 4440 ms,
TE = 122 ms).2.2. Magnetic resonance spectroscopy
Proton MR spectroscopy is carried out for 29 patients using a
multivoxel point resolved surface coil spectroscopy (PRESS)
sequence with selective pulse for water signal suppression. Spa-
tial outer volume suppression saturation pulses are performed
automatically. TR used is 1500 ms, TE is 135 ms and slab
placement is over the muscles in axial images.
Identiﬁcation of the different peaks in the spectrum is car-
ried out as follows: 1.3 ppm for lactate (lac), 3.03 ppm for cre-
atine (Cr), 3.2 ppm for choline (cho), intra (IMCL) and extra
myo-cellular lipid (EMCL) peaks between 1.4 and 2.4 ppm.
Creatine signal is used as an internal reference. Thus, all of
the spectra are scaled to creatine equivalently: EMCL/Cr,
IMCL/Cr, lac/Cr and Cho/Cr.3. Results
3.1. Qualitative analysis
Qualitative analysis of four groups of muscle diseases revealed:
– Group I: 100% high T1SI and 91.7% high T2 SI, denoting
that fatty inﬁltration which displayed high SI on T1 and
T2WIs was the predominant feature on image
interpretation.
Fig. 1 Becker’s dystrophy: a male patient aged 14 years is clinically diagnosed with Becker’s dystrophy and is presented with bilateral
muscle weakness, muscle power grade II. (A) and (B) Coronal T1WIs: fatty changes of the thigh and calf muscles GIII. (C) Axial T2 map
of the pelvic muscles: Bilateral high values of Gluteus maximus and rectus femoris (Rf) muscles. (D) Axial T2 map of the upper thigh
muscles: Bilateral high values of adductor longus muscles as compared to sartorius. (E) Axial T1 of the lower thigh muscles: Marked fatty
inﬁltration of hamstring group muscles, as compared to quadriceps group muscles. (F) MRS of the affected calf muscle (soleus): High
EMCL/Cr ratio.
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Table 2 Results of Spearman correlation of the clinical grade with semiquantitative analysis.
Group Semiquantitative analysis Correlation coeﬃcient Level of signiﬁcance
Group I Fatty inﬁltration 0.88 0.001
Group II Fatty inﬁltration 4.1 0.3
Edema 0.9 0.01
Group III Fatty inﬁltration 0.3 0.5
Edema 0.7 0.1
Table 1 Qualitative analysis in the 4 groups.
Groups T1 T2 STIR FLAIR
% R L R L R L R L
GI N 0 0 8.3 8.3 91.7 91.7 91.7 91.7
› 100 100 91.7 91.7 8.3 8.3 0 0
ﬂ 0 0 0 0 0 0 08.3 8.3
GII N 33.3 33.3 0 0 0 0 0 0
› 66.6 66.6 100 100 100 100 0 0
ﬂ 0 0 0 0 0 0 100 100
GIII N 0 0 0 0 0 0 0 0
› 100 100 100 100 100 100 0 0
ﬂ 0 0 0 0 0 0 100 100
GIV N 33.3 16.6 8.3 16.6 25 33.3 83.2 41.7
› 58.3 16.6 75 25 33.3 16.6 0 0
ﬂ 8.3 0 0 0 16.6 0 0 0
Total N 17.5 12.5 5 7.5 37.5 40 55 42.5
› 80 67.5 90 75 50 45 0 0
ﬂ 2.5 0 0 0 5 0 40 40
*N = isointense signal to normal muscle *›= hyper intense signal *ﬂ= hypointense signal
*R = right lower limb * L = left lower limb
610 S. Saleh Elessawy et al.– Group II: 66.6% displayed high SI on T1 WIs while 100%
displayed high SI on T2Ws and STIR, low SI on FLAIR;
denoting ongoing fatty inﬁltration together with edema
reﬂecting the inﬂammatory disease process.
– Group III: concomitant fatty inﬁltration together with
edema was strikingly 100%.
– Miscellaneous group IV: results on image interpretation
were quite variable due to different disease presentation in
different pathologies which could be implemented in the
characterization of radiological features of each particular
disease.
3.2. Semiquantitative analysis
Spearman correlation of the clinical grade with semiquantita-
tive analysis reveals that:
Group I
 A signiﬁcant positive correlation between the clinical grade
and the grade of fatty inﬁltration.
 No correlation with edema was done as only one case dis-
played edema in the affected muscles.
Group II
 No statistically signiﬁcant correlation between the clinical
grade and the grade of fatty inﬁltration. A signiﬁcant positive correlation between the clinical grade
and the grade of edema.
Group III
 No statistically signiﬁcant correlation between the clinical
grade and the grade of fatty inﬁltration.
 A signiﬁcant positive correlation between the clinical grade
and the grade of edema.
3.3. T2 mapping for quantitative assessment
T2 mapping for quantitative assessment of fatty inﬁltration
and edema is a discrete biomarker for following the clinical
course of muscle disease: Calf muscles (medial and lateral head
gastrocnemius and soleus) and gluteus maximus muscle
showed the highest mean T2 values; therefore are the most
candidates for the accurate quantitative assessment and disease
follow up.
Semi-quantitative analysis increased the diagnostic accuracy
as regards disease extent and severity and showed good corre-
lation with muscle power grade:
 Group I: Signiﬁcant positive correlation between the clini-
cal grade and the grade of fatty inﬁltration.
Fig. 2 Dermatomyositis. A female patient aged 48 years is clinically diagnosed with dermatomyositis, muscle power grade III. (A–C)
axial cuts through the pelvic muscles: Axial T1: bilateral symmetrical fatty inﬁltration of pelvic muscles in the form of high SI on T1WIs,
grade II, and is mainly seen in gluteus maximus muscles as well as tensor fascia lata and iliopsoas muscles. Axial STIR: bilateral
symmetrical edema, grade II, is seen in gluteus maximus muscle in the form of high SI. Axial FLAIR: bilateral high SI of fatty inﬁltration
is not suppressed. (D–H) axial cuts through the thigh muscles as follows: Axial T1 shows bilateral symmetrical high SI of fatty inﬁltration
of the thigh muscles, grade I. Axial STIR: Bilateral symmetrical muscle edema, grade II is seen in vastus and quadriceps group muscles,
semitendinosus and semi membranosus muscle edema in the form of high SI. Patchy bilateral high SI grade II, is also seen in adductor
magnus muscles. Axial FLAIR shows suppressed high signal edema, yet high signal streaks of fatty inﬁltration are still seen. (G and H) T2
maps show bilateral high T2 values of the edematous muscles (semitendinosus) if compared to non edematous muscles (rectus femoris). (I)
MRS of the thigh muscle shows high EMCL/Cr ratio in the affected thigh muscles.
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Fig. 3 A female patient aged 28 years clinically diagnosed with dermatomyositis on top of a long standing known history of systemic lupus
erythematosus (SLE). She was on long term steroid therapy. On clinical examination, she has muscle power grade II. (A and B) Coronal
T1WIs of pelvic and thigh muscles and calf muscles show bilateral abnormal marrow SI (in the form of low SI on T1WIs) in both femoral
heads and proximal tibia on both sides. This abnormal SI is surrounded by a serpiginous hypointense line separating it from the normal
surrounding marrow signal. These ﬁndings verify bilateral AVN of both hip and knee joints. (C–E) STIR images of pelvic and thigh
muscles and calf muscles show: (C) Bilateral mottled edema of gluteus maximus muscles, perifascial edema surrounding muscles and
interstitial edema of the skin and subcutaneous fat of the pelvis and gluteal regions. (D) Bilateral edema of vastus lateralis muscles,
perifascial edema of left rectus femoris muscle, interstitial edema of the subcutaneous fat of both thighs. (E) Bilateral edema of medial and
lateral head of gastrocnemius muscles, perifascial edema at the medial aspect of both medial heads of gastrocnemius muscles. This edema
is more evident on the right side. STIR images also show bilateral interstitial edema of the subcutaneous fat of the calves.
612 S. Saleh Elessawy et al. Groups II and III: Signiﬁcant positive correlation between
the clinical grade and the grade of edema.
3.4. Proton MR spectroscopy
Proton MR spectroscopy can be used to identify key tissue
metabolites and may serve as a complementary tool to MRIevaluation of musculoskeletal lesions particularly with the
advantage of superior signal, superior spatial resolution, and
technical simplicity for integrating MRS into clinical MRI
examinations:
- EMCL/Cr ratio demonstrated a signiﬁcant correlation with
the grade of fatty inﬁltration and could be relied upon for
the quantiﬁcation of fat content in the diseased muscle.
Fig. 4 A female patient aged 60 years with history of mastectomy for breast cancer. She has myositis in the left neck muscles and
hoarseness of voice. (A) Coronal STIR of the neck muscles shows diffuse swelling and edema of the left neck muscles. (B and C) Axial pre
and post contrast T1WIs of the neck show low T1 SI of the edematous muscles (left sternomastoid, splenius capitis and splenius coli). They
display diffuse enhancement on the post contrast study. (D) MRS study of the left sternomastoid muscle shows no elevated choline peak
(marker of malignancy). *Diffuse swelling and edema of the left neck muscles are mostly due to infectious myositis and are most probably
viral myositis.** Low choline peak rules out the possibility of malignant inﬁltration or metastasis.
The role of MRI in the evaluation of muscle diseases 613- Low Cho/Cr ratios conﬁrmed the absence of tumor resi-
due or recurrence in cases of post radiation myopathy
and thus conﬁrmed the diagnosis of non-neoplastic dis-
ease process.4. Discussion
All group I patients with hereditary myopathy show fatty inﬁl-
tration of various grades. Fatty inﬁltration is bilateral and
Bar graph (1) Bar graph presentation demonstrating the mean T2 values of the 14 muscles (in msec) in the control group and the patient
groups I, II and III.
Bar graph (2) Bar graph presentation demonstrating the
EMCL/Cr ratios in the control group and the patient groups I,
II and III.
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intense on T2WIs. High signal is suppressed on STIR and is
clearly seen on FLAIR images (Fig. 1).
It is found that disease distribution in cases with hereditary
myopathy is as follows; the most commonly affected muscle is
gluteus maximus muscle (83%), the second most common
muscles are medial head of gastrocnemius (58%) and soleus
muscles (58%), and hamstrings (50%), then adductor magnus
(41.7%). Antero-medial thigh muscles, vastus lateralis and
intermedius, adductor longus and gracilis are spared. Tibialis
anterior is affected in two severe cases.
Quantitative analysis of the T2 maps: our results demon-
strated on Bar graph 1 soleus muscle has the highest values
then, medial head gastrocnemius then, lateral head of gastroc-
nemius and gluteus maximus. The least affected muscle is vas-
tus lateralis muscle (see Table 1).
Histogram results are in agreement with Kim et al. (9) who
studied pelvic and thigh muscles in 34 male patients with
Duchenne muscular dystrophy; he reported that gluteus max-
imus muscle had the highest mean T2 values, and greatest
cumulative score for fatty inﬁltration. Therefore gluteus max-
imus muscle is most consistently involved in the disease and
would provide the most accurate indication of disease activity.
Quantitative T2 histogram analysis shows a signiﬁcant correla-
tion with semiquantitative MR imaging score of fatty inﬁltra-
tion and the clinical grade of muscle power as seen in Table 2.
This signiﬁcant correlation was also reported by Kim et al. (9)
and Fischmann et al. (10).Distribution of muscle edema in the group II patients is as
follows: calf muscles are more commonly and severely affected
than pelvic and thigh muscles as seen in Fig. 2, with high mean
T2 values on T2 maps as demonstrated in (Bar graph 1). Med-
ial head gastrocnemius is the most severely affected muscle
with the highest T2 values, lateral head gastrocnemius, soleus
then, tibialis anterior. Our ﬁndings are in agreement with
Mulcahy and Chew (11) who stated that the sevfﬁg.
erity of muscle edema indicated in MR images correlated
with the severity of the disease.
In our study, there is a signiﬁcant correlation between the
T2 histogram and the nonquantitative MR imaging score of
muscle edema as well as the clinical grade of muscle power.
Therefore, T2 mapping for quantitative assessment of edema
is a discrete biomarker to follow up the clinical course of
inﬂammatory myopathy. This was also proved in a study by
Yao and Gai, (12).
Group III comprises 6 patients with connective tissue dis-
eases, with variable ages, clinical presentations and grades.
Radiological ﬁndings are similar to inﬂammatory changes seen
in IIMs. All cases are symmetrical except two severe cases.
Autoimmune myositis is more often unilateral or asymmetrical
in association with collagen vascular disease than it is with idi-
opathic IIMs (13).
Similar to group II patients, calf muscles are more com-
monly and severely affected than thigh and pelvic muscles
and display highest T2 values on histogram analysis (Fig. 1).
Medial head of gastrocnemius is the most severely affected
muscle as seen in Fig. 3. There is no statistically signiﬁcant cor-
relation between the clinical grade and the grade of fatty inﬁl-
tration. There is a signiﬁcant positive correlation between the
clinical grade and the grade of edema (Table 2).
Group IV patients: we attempt to offer a case based review
of non hereditary, nontumorous muscle diseases. A known pa-
tient with left breast cancer was mistakably initially diagnosed
as post radiation myositis as she had diffuse swelling and ede-
ma of the left sternocliomastoid muscle and muscles of the
back of the neck (longus capitis and coli) (Fig. 4). However,
on careful history taking she denied any radiotherapy treat-
ment. She also complained of hoarseness of voice and laryn-
geal edema was noted. Consequently, the possibility of
myositis owing to general immunocompromised state of the
patient was suggested. Viral myositis rather than pyomyositis
was proposed due to the absence of marginally enhancing cys-
tic collections, focal or mutifocal presentation which charac-
terize pyomyositis. Moreover, the patient was not diabetic
which is one of the predisposing factors. Also, lack of nodular
The role of MRI in the evaluation of muscle diseases 615ring enhancing lesions (microabscesses) ruled out the possibil-
ity of fungal myositis. Our diagnosis is supported by Soler
et al. (14) and Schwartz and Morgan (15); who described the
characteristic features of infectious myositis.
As regardsMRspectroscopy:Our study reveals that themost
prominent peak is EMCL, which is used to quantify the fat con-
tent of the diseased muscles. In group I, hereditary myopathy,
prominent EMCL resonance peaks with signiﬁcantly high
EMCL/Cr ratios were seen. This high ratio is owing to the pro-
gressive fatty inﬁltration with the chronic disease process. In
group II and III patients with inﬂammatory myopathies,
EMCL/Cr ratios are also high due to concomitant muscle ede-
ma and chronic fatty inﬁltration. EMCL/Cr ratio demonstrates
a signiﬁcant correlation with the grade of fatty inﬁltration (Bar
graph 2) and it can be relied upon for the quantiﬁcation of fat
content in the diseasedmuscle. Our results are in agreement with
Schilling et al. (16) and Mengiardi et al. (17).
On examining the patient with the history of mastectomy
for breast cancer, Cho/Cr ratio in the affected muscles is low
(Fig. 4). This conﬁrms the exclusion of tumor metastasis.
Therefore Cho/Cr ratio conﬁrms the diagnosis of non-neoplas-
tic disease process (18).
5. Conclusion
MRI is the diagnostic modality of choice for the characteriza-
tion and full assessment of the extent and distribution of mus-
cle diseases. The following pulse sequences are recommended
for qualitative analysis of muscle signals: T1, T2, STIR and
FLAIR. T1WIs are used for dystrophic changes such as fatty
degeneration owing to the T1 shortening effect. T2 WIs are
used for edematous changes which display an increased signal
intensity on T2WIs caused by the prolongation of T2 relaxa-
tion time. Muscle edema can be quite subtle; STIR is the ﬂuid
sensitive sequence for the early detection and grading of mus-
cle edema. FLAIR sequence can be used as a valuable tool for
the discrimination between both signals due to its ﬂuid atten-
uating capability. This role is important particularly in inﬂam-
matory muscle diseases (IIMs and autoimmune myopathy) as
the two pathologies are seen in the same muscle. This helps in
accurate grading of edema and fatty changes.
Semi quantitative analysis is a valuable method for grading
of fatty inﬁltration and edematous changes of hereditary and
inﬂammatory muscle diseases respectively. Quantitative assess-
ment can play an important role in the anticipated future treat-
ment and follow up of muscle diseases. Proton MR
spectroscopy can be used to quantify the fat content of muscle
noninvasively and follow up the disease progression and re-
sponse to treatment. It can be implemented as a tool to inves-
tigate tumor metabolism in the musculoskeletal system.References
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